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Acne vulgaris (AV) is a chronic, multifactorial skin condition 
a� ecting at least 50 million people in the US annually.1 It is most 
prevalent in adolescents and young adults but can develop earlier 

and may persist into or develop during adulthood.2–4 Acne is associated 
with adverse e� ects on quality of life, including symptomatic discomfort, 
scarring, and emotional and psychosocial distress.5 It is also associated 
with signi� cant economic costs.1 According to a 2013 national burden of 
skin disease report, the costs of treatment and lost productivity associated 
with medical care for acne exceeded $1.2 billion.6 Although combination 
topical therapy is often the basis of initial treatment for mild-to-moderate 
acne, systemic treatment is typically required for refractory moderate 
or severe AV and/or AV that is causing scarring or psychosocial distress, 
or that has failed to respond to conventional treatments.7,8 Isotretinoin 
(13-cis-retinoic acid), a vitamin A derivative � rst approved in the US in 
1982 for the treatment of severe recalcitrant nodular AV,9 is a clinically 
e� ective therapy that targets all four major pathogenic mechanisms of 

AV: follicular hyperkeratinization, sebum production, Cutibacterium acnes
proliferation, and multiple pathways of in� ammation.7

Isotretinoin is recognized as having revolutionized the treatment of 
severe and refractory AV due to its ability to induce complete or near-
complete clearance of acne and sustained periods of remission after 
completion of therapy.7,10,11 Nonetheless, the use of isotretinoin presents 
some challenges with “real-world” use. The most signi� cant of these 
are safety issues, most prominently teratogenicity, but also associations 
with lipid and musculoskeletal abnormalities.8 However, there are other 
considerations speci� c to conventional isotretinoin formulations, including 
the original brand of isotretinoin (Accutane™, Roche Pharmaceuticals) 
and several branded-generic formulations approved based on the 
pharmacokinetic pro� le of the original isotretinoin formulation. The major 
limitation of conventional isotretinoin formulations is the dependence 
on co-ingestion with a high-fat meal for su�  cient absorption.8,10 This is 
of prominent clinical signi� cance, as the long-term clearance rate after 
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completion of isotretinoin therapy correlates 
directly with the extent of systemic exposure,8

which is dependent on the magnitude of 
gastrointestinal absorption achieved over a 
course of therapy.12,13

Continued research e� orts have focused 
on the development of improved isotretinoin 
formulations with the goal of optimizing 
therapeutic outcomes, especially long-
term remission of AV.14–16 In particular, the 
utilization of a lipid-based carrier system that 
solubilizes isotretinoin coupled with advanced 
micronization technology that reduces the 
physical size and increases uniformity of 
isotretinoin particles provides an advanced 
approach that improves gastrointestinal 
absorption, overall systemic exposure to 
isotretinoin, and ultimately the rate of 
prolonged remission of AV.15 This review 
summarizes the development and use of new 
isotretinoin formulations in the treatment of AV 
and their demonstrated potential to improve 
long-term outcomes in patients.

WHAT ARE THE CLINICAL 
RECOMMENDATIONS FOR ISOTRETINOIN 
USE?

Isotretinoin received US Food and Drug 
Administration (FDA) approval in 1982 for 
the treatment of severe recalcitrant nodular 
AV.9,11 Isotretinoin use is also recommended 
in practice for selected patients with AV who 
have responded unsatisfactorily to conventional 
treatments, or those in whom AV is causing 
physical scarring and/or psychosocial distress.8

The recommended dosage of conventional 
isotretinoin is 0.5mg/kg/day given in two 
divided doses, with dose escalation to 1.0mg/
kg/day as tolerated, for a duration of 15 to 20 
weeks.8,17 Based on � ndings from numerous 
clinical trials and retrospective studies with 
conventional isotretinoin, achievement of 
a cumulative isotretinoin exposure range of 
120mg/kg to 150mg/kg is recommended 
to provide the best opportunity to achieve 
long-term remission.8 Although approaches 
di� er among clinicians in practice, treatment is 
often continued until AV has cleared and may 
be extended thereafter if the target cumulative 
dose of isotretinoin has not yet been achieved.11

In a retrospective analysis including 550 
patients who were average or underweight 
(67%), overweight (18%), or obese (14.9%), 
higher-weight patients received lower daily 

doses by weight compared with other patients 
(P≤0.001), and the duration of treatment was 
longer in obese vs overweight and average-
weight patients (P=0.03). However, there were 
no statistically signi� cant di� erences based on 
weight in AV clearance or recurrence rate after 
end of treatment.18

The safety pro� le of isotretinoin is generally 
favorable, with the most common anticipated 
side e� ects being dry skin, dry eyes, and dry 
lips.13,19 The most prominent safety concern 
is teratogenicity, and isotretinoin is therefore 
contraindicated during pregnancy; patients who 
can become pregnant are required to comply 
with pregnancy testing and contraception 
requirements while using isotretinoin.9

A mandated risk-management program 
(iPLEDGE®) was introduced in 2006 to prevent 
isotretinoin exposures during pregnancy in 
patients who can become pregnant and to 
document the frequency and outcomes of 
isotretinoin exposure during pregnancy.11 The 
requirements of the iPLEDGE® program include 
the simultaneous use of two forms of e� ective 
contraception (or a commitment to continuous 
abstinence with no sexual contact that could 
result in pregnancy) and mandated monthly 
pregnancy tests for patients who can become 
pregnant who are receiving isotretinoin.9 All 
patients treated in the US with isotretinoin 
are required to be enrolled in and follow the 
requirements of the iPLEDGE® program.8

Additional potential adverse e� ects 
include lipid abnormalities (especially 
hypertriglyceridemia),9,20–22 musculoskeletal 
abnormalities, and elevated liver enzymes.9,23

Routine monitoring of liver function tests 
and serum lipids is recommended at baseline 
with periodic retesting during the course of 
treatment.8,9 Other possible adverse e� ects, 
including depression, suicidal ideation, and 
in� ammatory bowel disease, have been 
associated with isotretinoin; however, these 

associations are somewhat controversial and 
have not been de� nitively substantiated.8,24,25

Nonetheless, prescribing physicians are 
recommended to monitor patients for 
indications of in� ammatory bowel disease and 
depressive symptoms and to educate patients 
about potential risks.8,9

WHAT ARE THE CHALLENGES 
ASSOCIATED WITH THE USE OF 
CONVENTIONAL FORMULATIONS OF 
ISOTRETINOIN?

Due to its high lipophilicity, isotretinoin 
inherently exhibits poor aqueous solubility, 
and its bioavailability is greatly dependent 
on administration with a meal high in fat 
content.9,16,26 In early pharmacokinetic 
studies with conventional isotretinoin, the 
bioavailability of isotretinoin was approximately 
1.5 to 2 times greater when administered 
concomitantly with a meal than when given 
during a complete fast.26 Based on results from 
this as well as subsequent pharmacokinetic 
trials evaluating the bioavailability of 
conventional isotretinoin when studied with 
an FDA-recommended high-calorie, high-
fat meal consisting of 50g of fat and 800 to 
1,000 calories, administration with food, 
particularly a meal with very high fat content, 
is recommended for optimal and consistent 
gastrointestinal absorption of conventional 
isotretinoin.9,16 When ingested without food, 
plasma levels of isotretinoin are reduced by 
approximately 60 percent compared with 
levels achieved when taken with a high-
fat meal,16 which could adversely a� ect 
e�  cacy, especially long-term remission of 
AV. Unfortunately, patients may not be aware 
that taking isotretinoin with a high-fat meal is 
necessary for optimal absorption and e�  cacy, 
or they may be unwilling to regularly adhere 
to taking isotretinoin with such a high intake 
of dietary fat with each dose. Due in part to 

TABLE 1. Published relapse rates by dosage after treatment with conventional isotretinoin

DOSAGE
RETREATMENT RATES AFTER ISOTRETINOIN USE

LAYTON ET AL (1993)12 CUNLIFFE ET AL (1987)32 STRAUSS ET AL (1984)13

0.1mg/kg/day – – 42%
0.5mg/kg/day 39% 42% 20%

1.0mg/kg/day 22% 13% 10%

Retreatment regimen*
Isotretinoin and oral 

antibiotics
Isotretinoin and oral 

antibiotics
Isotretinoin only

*Type of further treatment administered following conventional isotretinoin treatment in relapsing patients. Relapse 
rates reported in Strauss et al (1984) included only patients retreated with isotretinoin.
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the predominant emphasis on pregnancy 
prevention and other potential adverse e� ects 
in patients treated with isotretinoin, relatively 
limited attention has been paid to educating 
medical professionals about the importance of 
taking isotretinoin with high-fat food intake. 
Even when informed, patients and clinicians 
may be hesitant to consume or recommend 
a high-fat diet while using a conventional 
isotretinoin due to association of isotretinoin use 
with elevated serum lipid levels, as well as other 
potential health risks related to high fat intake. 

Although a single course of conventional 
isotretinoin therapy can achieve long-term 

remission in many patients, approximately 
23 to 61 percent of patients experience 
recurrence of acne requiring further topical or 
systemic treatment,12,27–31 and approximately 
20 to 26 percent of patients require a second 
course of isotretinoin therapy.12,27,29–31

Reported relapse rates are highly variable, 
due in part to di� erences in how relapse is 
de� ned or identi� ed in speci� c analyses, the 
daily and cumulative doses received, and 
duration of follow-up; however, relapse is less 
frequent in patients receiving higher doses 
of isotretinoin.12,13,29,31,32 Interestingly, in early 
studies of conventional isotretinoin, the initial 

e�  cacy by the end of a typical 16- to 20-week 
course of treatment was similar between low 
(0.1mg/kg/day), intermediate (0.5mg/kg/day), 
and high (≥1mg/kg/day) doses.13 However, 
the rate of relapse following treatment was 
dose dependent, with higher rates observed 
in patients receiving low or intermediate 
doses (20%–42%) compared with those 
receiving the highest dose (10%–22%; Table 
1);12,13,32 the majority of relapses occurred 
within 18 months of stopping treatment.12

When the cumulative dose was assessed, 
prolonged remission correlated with a threshold 
cumulative exposure range of ≥120mg/kg of 
conventional isotretinoin.12,29 Based on these 
analyses, a cumulative isotretinoin exposure 
range of 120 to 150mg/kg is recommended 
to provide the best opportunity for prolonged 
remission in patients receiving conventional 
isotretinoin.8 Achievement of the desired 
cumulative isotretinoin exposure of ≥120 mg/
kg may be particularly challenging for teenagers 
and young adults, who often exhibit irregular 

TABLE 2. Comparison of pharmacokinetics, e�  cacy, and safety between isotretinoin formulations

CHARACTERISTIC
ISOTRETINOIN FORMULATION

CONVENTIONAL ISOTRETINOIN LIDOSE-ISOTRETINOIN MICRONIZED ISOTRETINOIN

Recommended 
dosage and 
administration

• 0.5mg/kg/day–1.0mg/kg/day 
in 2 divided doses for 15 to 20 
weeks (to a cumulative dose of 
120mg/kg–150mg/kg) 

• Administration with food (high fat) 
recommended8, 9

• 0.5mg/kg/day–1.0mg/kg/day in 2 divided doses for 
15 to 20 weeks

• May be given with or without meals17

• 0.4mg/kg/day–0.8mg/kg/day in 2 divided doses for 
15 to 20 weeks

• May be given with or without meals; absorption not 
dependent on dietary factors17

E� ect of food on 
absorption

• Approximately 60% decrease in 
absorption when taken fasted vs fed*16

• Approximately 30% decrease in absorption when 
taken fasted vs fed*16

• No signi� cant di� erence in absorption when taken 
fasted vs fed*15

Bioavailability • 25% bioavailability reported38 • Approximately twice as high compared with 
conventional isotretinoin in fasting state16

• Approximately twice as much absorbed with 20% 
lower dosage compared with lidose-isotretinoin in 
fasting state15

Clinical e�  cacy and 
safety pro� le

• Majority of patients achieve clearance 
of acne during the course of treatment 
with sustained periods of remission 
lasting over several months to at least 
2 to 3 years; dependent on total dosage 
administered over course of therapy 

• Between 20%–26% of patients require 
retreatment with isotretinoin within 3 
years of stopping treatment12, 27, 29–31

• Safety and e�  cacy were similar and noninferior to 
conventional isotretinoin, respectively19

• Long-term relapse rates when administered 
with water (unfed) were at the low end of those 
published for conventional isotretinoin in fed* 
state14

• Lidose-isotretinoin 40mg was well tolerated with 
no serious adverse events reported; safety pro� le 
similar to conventional isotretinoin15

• Micronized isotretinoin 32mg was well tolerated 
with no serious adverse events reported15

Limitations

• Poor solubility, low GI absorption
• Dependence on administration with food 

(high-fat meal; 50g of fat per meal) may 
limit compliance and increase relapse risk

• Limited e�  cacy and safety data available from 
studies of real-world use

• Reduction in relapse based on clinical studies 
with lidose formulation and pharmacokinetic data 
supporting greater systemic exposure in unfed state 
(without high-fat meal)

• Third-party coverage access to the branded 
formulation of micronized isotretinoin may be a 
limiting factor

*Administered with an FDA-recommended high-fat, high-calorie meal consisting of 50g of fat and 800 to 1,000 calories.
FDA: Food and Drug Administration; GI: gastrointestinal

TABLE 3. Published relapse rates by type of retreatment medication after treatment with standard or lidose-isotretinoin

RETREATMENT MEDICATION
RETREATMENT RATES AFTER ISOTRETINOIN USE

CONVENTIONAL ISOTRETINOIN* LIDOSE-ISOTRETINOIN**
No further treatment 40% 82.5%
Isotretinoin 23% 4.2%

Oral antibiotics 16% 3.6%
*Obtained from Layton et al (1993)12; **Obtained from Del Rosso et al (2019).14
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eating habits and may be less likely to adhere 
to recommendations to ingest isotretinoin with 
an adequate high-fat meal.33 Ultimately, these 
factors may adversely a� ect treatment e�  cacy 
and lead to higher rates of relapse in patients 
receiving conventional isotretinoin for treatment 
of AV.

HOW DOES LIDOSE-ISOTRETINOIN 
IMPROVE UPON CONVENTIONAL 
ISOTRETINOIN FOR THE EFFECTIVE 
AND CONVENIENT MANAGEMENT OF 
RECALCITRANT ACNE VULGARIS?

The � rst major improvement in isotretinoin 
formulation was lidose-isotretinoin, in which 
isotretinoin is pre-solubilized in a lipid matrix 
for enhanced absorption and a markedly 
reduced dependence upon ingestion with a 
meal high in fat content.16 Compared with 
the original formulation of conventional 
isotretinoin, lidose-isotretinoin is bioequivalent 
when taken with a high-fat, high-calorie 
meal and is absorbed signi� cantly better 
when taken on an empty stomach (with 
water).16 In pharmacokinetic studies, when 
lidose-isotretinoin was administered to fasting 
patients, plasma isotretinoin levels reached 
66.8 percent of those observed when the drug 
was taken with a high-fat meal, compared 
with 39.6 percent for conventional isotretinoin 
taken under the same conditions.16 Therefore, 
under fasting conditions, patients absorb 
nearly twice the amount of isotretinoin from 
lidose-isotretinoin compared with conventional 
isotretinoin (Table 2). In a Phase III study, the 
e�  cacy of lidose-isotretinoin was noninferior 
to that of standard isotretinoin when both were 
ingested with a suggested high-fat meal, with a 
comparable safety pro� le.19 Furthermore, Phase 
IV data suggest treatment of patients with 
severe recalcitrant nodular acne with lidose-
isotretinoin taken without food can lead to 
signi� cant improvements in multiple measures 
of quality of life.34

The improvement in the bioavailability of 
lidose-isotretinoin was shown to translate into 
low rates of relapse following treatment.14 In 
a Phase IV study of lidose-isotretinoin given at 
the recommended weight-based daily dosage 
of 0.5 to 1.0mg/kg/day divided into two daily 
doses without food in patients with severe 
recalcitrant nodular acne, the proportions of 
patients requiring any type of further treatment 
over a 104-week posttreatment period were 

low, supporting an apparent markedly lower 
relapse rate when compared with the range 
of published relapse rates in patients who 
received conventional isotretinoin ingested 
with a high-fat, high-calorie meal (Table 3).14

Thus, the increased bioavailability of lidose-
isotretinoin administered without food and its 
reduced dependence on ingestion with a high 
fat content meal demonstrated the potential for 
improved long-term remission after completion 
of treatment along with improvements in 
quality of life in patients with AV.

CAN MICRONIZATION TECHNOLOGY 
BOTH IMPROVE ISOTRETINOIN 
ABSORPTION AND DECREASE FOOD 
DEPENDENCY?

The next technological improvement in 
isotretinoin formulation was the micronization 
of isotretinoin coupled with a lipid-based carrier 
system. Micronization technology reduces 
the physical drug particles to a more uniform 
micrometer size,35 which allows for a more 
consistent distribution of isotretinoin along 
the mucosa of the intestinal tract. This reduced 
particle size of micronized isotretinoin increases 
the surface area of mucosal exposure per unit 
mass of isotretinoin, thereby increasing its 
dissolution rate, absorption, and bioavailability36

and allowing for a 20-percent decrease in the 
administered dose as compared with lidose-
isotretinoin.15

Micronized isotretinoin received FDA 
approval in 2019 for the treatment of severe 
recalcitrant nodular acne in nonpregnant 
patients aged 12 years of age or older based 
on a pharmacokinetic study comparing the 
properties of micronized isotretinoin 32mg 
and lidose-isotretinoin 40mg.15,17,37 When 
ingested with a high-fat, high-calorie meal, 
micronized isotretinoin was bioequivalent to 
lidose-isotretinoin. However, under fasting 
conditions, patients absorbed approximately 
twice the amount of isotretinoin from 
micronized isotretinoin, even with a 20-percent 
lower administered dosage, than from lidose-
isotretinoin (Table 2).15 Both lidose-isotretinoin 
and micronized isotretinoin were well tolerated 
with no serious adverse events reported. 
Collectively, these data suggest that the 
markedly enhanced bioavailability of micronized 
isotretinoin may enable this formulation to 
provide optimal treatment e�  cacy when 
taken on an empty stomach, with a 20-percent 

lower administered dosage, compared with 
lidose-isotretinoin or conventional isotretinoin, 
without concerns regarding concomitant 
administration with a high-fat, high-calorie 
meal. 

HOW CAN MICRONIZED ISOTRETINOIN 
ACHIEVE IMPROVED LONG-TERM 
OUTCOMES IN PATIENTS?

The use of micronized isotretinoin may 
provide numerous bene� ts in clinical practice 
due to its improved bioavailability and lack 
of dietary requirements. The association 
between the extent of systemic exposure 
to isotretinoin and risk of recurrence after 
completion of a course of isotretinoin therapy 
has been established, with fewer relapses 
observed in patients who received a cumulative 
dose of conventional isotretinoin of 120 to 
150mg/kg,8,12,29 suggesting that there may 
be a minimal threshold of systemic exposure 
necessary to produce prolonged therapeutic 
e� ects after stopping treatment.15 Patients 
receiving conventional isotretinoin, including 
those ingesting a cumulative dose of ≥120mg/
kg, may fall short of the desired cumulative 
exposure to isotretinoin absorbed from 
conventional formulations if isotretinoin is not 
taken with an adequate high-fat meal. Thus, 
reducing the food dependency of isotretinoin 
absorption is likely to bene� t long-term 
treatment e�  cacy in patients, as evidenced 
by the low proportion of patients requiring 
retreatment after use of lidose-isotretinoin 
taken with only water compared with that 
historically observed with conventional 
isotretinoin taken with a high-fat meal.14

Therefore, the enhanced absorption and 
decreased food dependency of micronized 
isotretinoin suggest that this formulation may 
further improve upon the long-term e�  cacy 
observed with lidose-isotretinoin and further 
facilitate prolonged remission in patients with 
AV.

CONCLUSION
Compared to conventional isotretinoin, the 

micronized formulation provides two principal 
technological and functional improvements: 1) 
Increased dissolution rate and gastrointestinal 
absorption through the use of micronization 
technology, thereby achieving similar serum 
concentrations of isotretinoin with a 20-percent 
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lower dosage when administered with a 
high-fat, high-calorie meal; and 2) Enhanced 
isotretinoin solubility with reduced dependency 
upon high-fat meal ingestion through the use of 
a lipid-based carrier system. Because micronized 
isotretinoin increases isotretinoin absorption 
with a lower dose and no food dependency 
relative to other formulations, patients may 
more readily achieve the threshold systemic 
exposure necessary to facilitate prolonged 
remission after completion of therapy, thereby 
optimizing long-term outcomes of treatment 
for AV. Furthermore, the decreased food 
dependency with this formulation may increase 
treatment adherence, particularly in teenagers 
and young adults, who are the most common 
recipients of acne treatment and who often 
exhibit irregular eating habits. Ultimately, 
micronized isotretinoin may be a better option 
to help patients remain clear without relapse. 
The micronized formulation of isotretinoin 
also provides patients and clinicians the 
greatest increase in � exibility for the e� ective 
and convenient management of severe and 
refractory AV, especially by eliminating the 
dietary requirements needed to optimize use of 
conventional isotretinoin.
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